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ABSTRACT 
Objective: In this study, the phytosynthesis of silver nanoparticles (AgNPs) using leaf extracts of Hygrophila auriculata (HA) and their biological 
activities was investigated.  
Methods: The synthesis of AgNPs was done by using the green synthetic method and analyzed by UV-Visible spectroscopy, X-ray diffraction (XRD), 
fourier transform infrared spectroscopy (FTIR) and further characterized by transmission electron microscopy (TEM) and dynamic light scattering 
(DLS). The antibacterial activity of HA AgNPs was studied by agar well diffusion method and micro broth dilution method for determination of 
minimum inhibitory concentration (MIC). The antioxidant potentials of HA AgNPs were detected by Diphenyl-1-picryl hydrazyl radical scavenging 
assay (DPPH), Phosphomolybdenum assay, reducing power assay. 
Results: The prepared HA AgNPs showed characteristic absorption peak at 420 nm in the UV-Vis spectrum. FTIR spectra had shown that the 
biomolecules present in leaf extract were responsible for the reduction and capping material of silver nanoparticles. XRD study showed the particles 
found to be crystalline in nature, with a face-centered cubic (fcc) structure. TEM and DLS results revealed that the AgNPs were mostly spherical with 
an average size ranging from ~15-115 nm with a mean diameter of 40.96 nm. The HA AgNPs showed good antibacterial activity and MIC against 
Staphylococcus aureus (ATCC 6538), Bacillus cereus (NCIM 2106), Pseudomonas aeruginosa (ATCC 9027) and Escherichia coli (ATCC 8739). In agar 
well diffusion method, the maximum zone of inhibition was found against Pseudomonas aeruginosa (ATCC 9027) with 18 mm and minimum zone of 
inhibition was found to be against Escherichia coli (ATCC 8739) with 13 mm. The MIC of the HA AgNp was found to be 5µg against all the test 
organisms. In addition, the Diphenyl-1-picryl hydrazyl radical scavenging assay (DPPH), Phosphomolybdenum assay, reducing power assay 
revealed they can be used as the potential scavenger against deleterious damages caused by the free radicals. 
Conclusion: The present study explored that Hygrophila auriculata which are efficient producers of AgNPs and could act as safe and cost-effective 
with potential antibacterial and antioxidant activities. These findings encourage studying HA AgNP further for their potential biological applications. 
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The exploitation of inert metals like silver, gold, and platinum for 
synthesizing of nanoparticles and best use in various biomedical 
applications has been the current field of research in nanomedicine. 
The surface Plasmon resonance (SPR) of silver nanoparticles can be 
easily observed UV-Vis spectrophotometer has gained much 
attention than the other nanoparticles [1]. The use of 
environmentally benign materials like plants, bacteria, and fungi for 
the synthesis of AgNPs has been the emerging branch of 
nanotechnology. The eco-friendly and compatible nature of the 
green synthesized make use of them in pharmaceutical and 
biomedical application [2]. The ineffectiveness of synthetic 
antibiotics against drug-resistant bacteria has led to the 
reemergence of interest in silver, which has an ancient history as an 
antibacterial agent [3]. The broad spectrum antibacterial potential of 
AgNPs can be used against antibiotic-resistant bacteria including 
both gram-positive and gram-negative bacteria. The broad spectrum 
activity of AgNPs may be due to the small size that effectively 
penetrates and accumulates in the cell membrane of bacteria that 
cause disruption and loss of cell integrity [4]. A new opportunity has 
been introduced for the medical treatment with the development of 
nanoparticles as therapeutic agents. Plants provide natural capping 
agent and free from toxic chemical makes them suitable for silver 
nanoparticles synthesis. The green synthesis of AgNPs reported 
using various plant extracts including those from Eleutherococcus 
senticosus [5], Allium cepa [6], Artemisia marschalliana [7], Pedalium 
murex [8], Chenopodium murale [9], Delphinium denudatum [2].  
In the present study, the aqueous leaf extract of Hygrophila 
auriculata was used for the rapid synthesis of AgNps which is 
simple, cost-effective and viable. The Hygrophila auriculata belong 
to the family Acanthaceae. The Ayurvedic system of medicine 
classifies as Seethaveryam, Mathuravipaka. The plant extract of 
Hygrophila auriculata shown to have hepatoprotective activity, anti-
tumor activity, hypoglycemic activity, antioxidant activity, free 
radical scavenging activity, antibacterial activity, anthelmintic 
activity, haematinic effect, diuretic activity, anti-nociceptive activity, 
anti-inflammatory and antipyretic activity etc [10-13]. However, the 
metal reducing property of Hygrophila auriculata and their 
antibacterial and antioxidant activity are not well known. Hence, the 
present study is designed to synthesize silver nanoparticles using 
the aqueous extract of H. auriculata, characterization of synthesized 
nanoparticles and to investigate the possible antibacterial and 
antioxidant activities. 
MATERIALS AND METHODS 
Materials 
Collection of plant material 
The healthy plant of Hygrophila auriculata was collected from 
Vandavasi village, Tamil Nadu, India. The collected plant was 
identified at National Institute of Science Communication and 
Information Resources (NISCAIR), New Delhi The leaves of 
Hygrophila auriculata were washed with sterile distilled water to 
remove the surface contamination and were shade dried for three 
days at room temperature. 
Preparation of plant extract 
The air-dried leaves were powdered by using a blender. 10 g of plant 
powder was mixed with 100 ml of sterile distilled water and kept in 
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a water bath at 60 °C for 30 min. The slurry was cooled to room 
temperature and then filtered by Whatman filter paper No. 1. The 
filtered extract was refrigerated at 4 °C for further studies. 
Phytosynthesis of silver nanoparticles 
For the phytosynthesis of silver nanoparticles, 1.5 ml of plant extract 
was mixed with 30 ml of 1 mmol aqueous silver nitrate solution and 
incubated at room temperature in dark condition. The mixture was 
kept undisturbed until the colorless solution turned dark brown 
revealing the synthesis of silver nanoparticles. The AgNPs obtained 
from the solution were then separated by repeated centrifugation at 
10,000 rpm for 20 min followed by dispersion of the pellet in sterile 
distilled water three times to remove the water-soluble 
biomolecules such as proteins and secondary metabolites. Then the 
water suspended nanoparticles were dried at 40 °C for 2 h and used 
for characterization.  
Characterization of phytosynthesized silver nanoparticles 
Formation of AgNPs was confirmed by Ultraviolet-visible spectral 
analysis. The absorbance spectra were recorded using Ultraviolet-
visible spectroscopy (Cecil UV-Visible Spectrophotometer CE7200) 
at a wavelength of 300-700 nm. FTIR Spectrometer was performed 
for the leaf extract and the synthesized silver nanoparticles with 
Perkin–Elmer Spectrum one FTIR 4200 spectrophotometer by KBr 
pellet method in the range of 4000-450 cm-1. The crystalline 
structures of the synthesized AgNPs were investigated by X-ray 
diffraction (XRD). Powdered samples were used for XRD, and the 
diffraction patterns were recorded in the scanning mode on Rigaku 
Mini Sludge 600 operated at 40 kV with a current of 30 mA and 
Cu/Kα radiation in θ-2θ configurations. The average particle size of 
the synthesized AgNPs was calculated using the Debye–Scherrer 
equation. The surface morphology of the AgNPs was examined using 
TEM. The particle size distribution was determined using the 
principle of dynamic light scattering technique made in Malvern 
Instruments at 25 ° C with 90 detection angle. 
Antibacterial screening 
The synthesized AgNPs obtained was tested for its antibacterial 
potential against Gram-positive bacteria, such as Staphylococcus 
aureus (ATCC 6538), Bacillus cereus (NCIM 2106), Pseudomonas 
aeruginosa (ATCC 9027) and Escherichia coli (ATCC 8739) that were 
archived from culture collection and maintained in Sri Sankara Arts 
and Science College, Department of Microbiology Laboratory. The 
strains were maintained on nutrient agar slants at 4 °C. For agar well 
diffusion method, the agar plates were seeded with freshly prepared 
different pathogens. The cultures were diluted with fresh MHB to 
achieve OD corresponding to 0.5 (i.e., 105 to 106 CFU/ml using Mac 
Farland's standard). Agar wells with a diameter of 6 mm were made 
with the help of a sterile stainless steel cork borer. AgNPs of various 
concentrations such as 100, 200, 300 µg/well were added for 
determining antibacterial activity. Sterile 1 mmol silver nitrate 
(AgNO3) solution was used as blank exhibited no activity against any 
of the used organisms. Amoxycillin (10µg) was used as a standard 
drug (CLSI, 2005). The plates were incubated at 37 °C for 24 h, and 
the zone of inhibition (ZOI; mm) appearing around the wells was 
recorded [14]. 
Minimum inhibitory concentration (MIC) 
MIC of AgNPs dispersions against bacteria was determined using 
microtiter broth dilution method according to the guidelines of the 
Clinical and Laboratory Standards Institute. 100 μL of AgNPs was 
added to Mueller–Hinton broth into wells of the microtiter plate. To 
that bacterial suspensions (5 μl of 106
The free-radical scavenging activity of AgNPs was quantitatively 
studied using 2,2\'-diphenyl-1-picrylhydrazyl (DPPH) assay. Briefly, 
different concentrations (100,200,300,400,500μg/ml) of AgNPs and 
ascorbic acid (positive control) were taken separately and mixed 
with 3 ml of a methanolic solution of DPPH (final concentration 0.1 
mmol). The reaction mixture was shaken and kept for ~30 min at 
room temperature in the dark. Thereafter, the reduction of the DPPH 
radical was calculated by using a UV–visible spectrophotometer 
(Cecil UV-Visible Spectrophotometer CE7200) at 517 nm. The 
methanolic solution of DPPH without the sample served as a control 
[5]. The percentage inhibition was measured according to the 
following formula. 
 CFU/ml) were added. Each 
batch included a growth control well (no antimicrobial agent) and a 
negative control well (un-inoculated). Plates were incubated at 37 °C 
for 24 h and evaluated for the MIC based on growth observed in the 
lowest dilution of the well after streaking on MHA plates [2]. 
In vitro antioxidant assays 
Diphenyl-1-picrylhydrazyl (DPPH) radical scavenging assay  
 
Phospho molybdenum assay 
Phospho molybdenum method was used to estimate the total 
antioxidant capacity of HA AgNPs. About 0.1 ml of five different 
concentrations of HA AgNPs (100, 250, 500, 750, 1000 µl) were 
incubated in water bath at 95 °C for 90 min with 1 ml of reagent 
solution (containing 0.6M sulphuric acid, 28 mmol sodium 
phosphate, 4 mmol ammonium molybdate in 1:1:1 ratio). After 
incubation, the tubes were cooled at room temperature. The 
reduction of molybdate by nanoparticles occurs and it was 
measured at 695 nm in UV-Vis Spectrophotometer. Ascorbic acid 
was used as standard and methanol used as blank [15].  
Reducing power assay 
Iron-reducing ability of the nanoparticles was determined by 
reducing power assay. Five different concentrations of HA AgNPs 
(100, 250, 500, 750, 1000 µl) were separately mixed with 2.5 ml of 
phosphate buffer (0.2 M, pH-6.6) and 2.5 ml of 1% potassium 
ferricyanide. Then, the mixture was incubated at 50 °C for 20 min. 
To this, 2.5 ml of trichloroacetic acid (10%) was added and 
centrifuged at 3000 rpm for 10 min. From that, 2.5 ml of supernatant 
was taken and mixed with 2.5 ml of distilled water and 0.5 ml of 
FeCl3 (0.01%).
RESULTS AND DISCUSSION 
 Green color complex was formed and the absorbance 
was measured at 700 nm in UV-Vis Spectrophotometer. Ascorbic 
acid was used as standard and phosphate buffer as blank. An 
increase in the absorbance of the reaction mixture indicated 
stronger reducing power [16].  
The aim of the study is the environmentally friendly synthesis of 
AgNP using plant extract and exploitation for biological activities. 
There are various reports on the use of the aqueous extract of the 
plant for synthesis of AgNp and applications as therapeutic drugs 
[17]. In the present study, AgNPs was synthesized using an aqueous 
extract of Hygrophila auriculata which acted as a reducing agent. 
The change of color of the silver nitrate to dark brown confirms the 
reduction of silver ions to AgNps (fig. 1). 
 
 
Fig. 1: Colorless to brown color indicating the synthesis of AgNP 
A. Control before synthesis B. Test after synthesis 
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This was further confirmed by analysis on UV-spec that showed a 
sharp band at 420 nm which was specific for surface plasmon 
resonance (SPR) of silver nanoparticles (fig. 2).  
 
 
Fig. 2: UV-Vis spectral analysis of AgNPs biosynthesized using 
Hygrophilia auriculata leaf extract 
The spherical nanoparticles will correspond to a single SPR band 
whereas the anisotropic molecules resemble two or more SPR peaks 
[18, 19]. A single SPR peak was obtained in the present study reveals 
the spherical shape of the HA AgNPs. Further, the biosynthesized 
product was silver only as there were no additional peaks found in 
the spectrum. The increase in reaction time and concentration of 
AgNp increase the intensity of SPR peaks. Abbai et al., [5] reported 1 
mmol of AgNO3 was completely reduced silver nanoparticles upon 
incubation at 80 °C for 1.5 h, which was indicated by the change in 
color of the reaction mixture from light yellow to dark brown. 
Interestingly, in our study, it took only 45 min for the reduction of 1 
mmol of AgNo3
Fourier transform infrared spectroscopy (FTIR)  
 at room temperature this show that aqueous extract 
of Hygrophila auriculata has compounds that play important role in 
the bioreduction of silver salts. 
FTIR spectra were recorded for HA plant extract and synthesized 
AgNP to identify the possible functional group present on AgNP (fig. 
3). The absorption peak of HA plant extracts was at 670, 940, 1063, 
1225,1431,1646,2133 and 3261 cm-1. The FTIR spectrum of the 
mixture containing HA plant extract and AgNP showed an intense peak 
at 1047,1435,1637,2002,2335,2926 and 3437. The peaks at 3437 and 
3261 cm-1 may correspond to primary and secondary amines. The 
peaks at 2926 and 2335, 2133 cm-1 are characteristic of stretching 
vibrations of methyl groups or C–H of aldehydic amine groups. The 
peaks at 1637, 1646 cm-1 due stretching vibrations of C=O and C-N 
group [20]. The peaks at 1431 and 1435 cm-1 correspond to O-H 
bending of carboxylic acid. The observance of peaks at 1063 and 1047 
cm-1 characteristic to glycoside (C-O-C) groups. The bioreduction of 
Ag+to AgNPs might be due to the presence of flavonoids, terpenoids, 
polyphenols, proteins present in the plant extracts [14]. 
 
 
Fig. 3: The FTIR spectra of the Hygrophila auriculata aqueous leaf extract (A) and HAAgNPs (B) 
 
X-ray diffraction (XRD) 
XRD pattern showed four diffraction peaks at 32.09 °, 37.87 °, 43.99 
°, 76.65 ° attributed to (101), (111), (200), (311) lattice planes of the 
face-centered cubic crystalline silver respectively (fig. 4). These 
diffraction peaks were compared with the standard powder 
diffraction card of JCPDS files number 01-1167. The additional peaks 
such as 27.919 °, 32.09 °, 45.955 °, 54.06 °, 57.25 °, and 67.06 ° may 
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indicate the presence of various phytochemicals on the surface of 
AgNps for their capping. The average size of the AgNp calculated 
using Debye-Scherer equation by determining the full length at a 
half maximum of the Bragg's reflection corresponding to (111) 
crystalline of AgNps. The average size was found to be 2.51 nm. 
 
 
Fig. 4: XRD pattern of HA AgNp 
 
 
Fig. 5: TEM image of HA AgNp 
Transmission electron microscopy (TEM) and dynamic light 
scattering (DLS) 
The TEM analysis provided insight into the morphology and size 
details of the AgNps. The fig. clearly stated that the AgNps were 
spherical in shape (fig. 5). The particle size histogram shows that the 
synthesized AgNps size ranges from ~15-115 nm with a mean 
diameter of 40.96 nm. 
 
 
Fig. 6: Dynamic light scattering (DLS) of HA AgNp 
 
Antibacterial activity 
The antibacterial activity of synthesized AgNps was evaluated 
against such as Staphylococcus aureus (ATCC 6538), Bacillus cereus 
(NCIM 2106), Pseudomonas aeruginosa (ATCC 9027), Escherichia coli 
(ATCC 8739), by Kirby disc diffusion method using different 
concentration of AgNP (100, 200, 300µg/ml) and with standard 
antibiotic amoxicillin. The result clearly states the HA AgNps have 
strong antibacterial activity against gram positive and gram negative 
bacteria with Zone of inhibition of 16 mm against Bacillus cereus and 
18 mm against Pseudomonas aeroginosa (table 1). It is evidenced 
that the zone of inhibition increases with the increasing 
concentration of AgNps. The MIC values of HA AgNps against these 
test strains were determined by micro broth dilution method (table 
2) and the result of MIC was compared with agar well diffusion 
method and found to be almost similar. 
  
Table 1: Antibacterial activity of HA AgNp by agar well diffusion method 
Test strains Amoxycillin 
(A) 10 µg 
Control (1 mmol) 
AgNO
Concentration of HA AgNPs (20 mg/ml), zone of inhibition (in mm) 
3 5 µl (100µg) 10 µl (200µg) 15 µl (300µg) 
Staphylococcus aureus ATCC 6538  - 14±0.20 15±0.15 16±0.25 
Bacillus cereus NCIM 2106 - - 14±0.25 14±0.40 17±0.10 
Pseudomonas aeruginosa ATCC 9027 - - 13±0.10 13±0.35 18±0.15 
Escherichia coli ATCC 8739  16±0.10 - 11±0.34 11±0.30 13±0.30 
Number of experiments =2, mean±SD 
 
Table 2: Determination of HA AgNp MIC against bacterial pathogens 
S. No. HA AgNPs concentration (µg) S. aureus B. cereus P. aeruginosa E. coli 
1. 100  - - - - 
2. 50 - - - - 
3. 25 - - - - 
4. 10 - - - - 
5. 5 + + + + 
6. 2 + + + + 
7. 1 + + + + 
Number of experiments = 2 
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The high antibacterial activity of HA AgNps may be due to the small 
size and large surface area of the synthesized silver nanoparticles. 
Till now there is no clear evidence for the action of silver 
nanoparticles against bacteria. It is suggested that AgNps may affect 
the membrane permeability of bacteria leading to disintegration of 
macromolecules resulting in cell death [7] or the AgNp may 
inactivate the proteins responsible for DNA replication and proteins 
responsible for adenosine triphosphate (ATP) synthesis in bacteria 
[21]. The biologically synthesized AgNPs using different plant 
extracts also showed a similar potent bactericidal activity [2]. 
In vitro antioxidant assays 
Antioxidants are agents that restrict the deleterious effect of the oxidant 
reactions. These restrictions include scavenging free radicals or 
preventing radical formation and therefore can enhance the immune 
defense and lower the possibility of diseases occurrence [22]. The 
synthetic antioxidants have many drawbacks and hence the search of 
new antioxidants is of need. In the present study, the antioxidant activity 
of HA AgNps was investigated using three different assays to prove its 
efficacy as the antioxidant. The effect of various concentrations of AgNps 
on DPPH radical scavenging activity is shown in fig. 7. 
  
 
Fig. 7: DPPH radical scavenging assay of HA AgNPs when compared with the standard ascorbic acid, measurements were done in 
triplicates (n=3, mean±SD) 
 
The free radical scavenging results show that the percentage of 
inhibition increases with increasing concentration of AgNps. The 
AgNps may donate electrons to DPPH, a lipophilic radical which 
readily accept electron thereby converting its color from purple to 
yellow that can be detected by 517 nm. Priya et al., [23] reported 
the antioxidant activity of green synthesized AgNp form Pongamia 
pinnata extract and found significant free radical scavenging 
potential. The total antioxidant capacity of HA AgNPs was tested 
by phosphomolybednum method. This test was based on the 
reduction of Mo (VI) to Mo (V) that leads to the formation of a 
green complex. The total antioxidant potential of AgNp was shown 
in fig. 8. 
  
 
Fig. 8: Total antioxidant capacity of HA AgNPs by phospho molybdenum assay when compared with the standard ascorbic acid, 
measurements were done in triplicates (n=3, mean±SD) 
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Further, the potassium ferric cyanide reduction method may serve as a 
significant indicator of potential antioxidant activity. The reducing power 
was increased with the increasing concentration of HA AgNp which can 
be depicted from the fig. 9. Similar to our study Bhakya et al., 2016 also 
reported high antioxidant activity of Helicteres isora root extract. In 
contrast to our study Sowmya et al., 2017 [24] reported antioxidant 
activity of silver nanoparticles from Acalypha indica by DPPH and 
reducing power assay that showed more antioxidant activity as 
compared to standard ascorbic acid. The antioxidant activity of AgNp 
may be due to the bioactive compound on the surface of the AgNP. 
 
 




This work provides a method for the phytosynthesis of silver 
nanoparticles using Hygrophila auriculata leaf extract as a reducing 
and capping agent without the use of any harmful reducing agents. 
The structural and chemical composition of the synthesized silver 
nanoparticles was studied using UV–vis spectroscopy, TEM, FT-IR, 
DLS, and XRD analysis, which proved the presence of AgNps. The 
biosynthesized AgNps have pronounced antibacterial activity 
against both gram positive and gram negative bacteria and it also 
has good antioxidant activity. Based on the obtained data, we 
suggest that the phytosynthesized AgNPs may be good alternatives 
in medicinal and therapeutic applications. However, proper toxicity 
and biocompatibility studies are to be undertaken to prove the 
safety and efficacy of phytosynthesized AgNps.  
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